3GPP TSG-RAN WG1 Meeting #72
R1-130234
St Julian’s, Malta, 28th January – 1st February 2013
Agenda item:
7.3.5.2
Source:
InterDigital

Title:
Evaluation methodology for 256QAM in small cell deployments
Document for:

Discussion
1
Introduction

Introduction of 256QAM in the DL is one very promising approach to further improve upon LTE spectral efficiency for small cell deployments. Similarly, it is beneficial to consider overhead reductions for the UE-specific reference signals by exploiting typical channel and propagation characteristics for small cells [1].
In this contribution, we present DL system-level results for observed cell geometries in 3 different selected deployment scenarios involving small cells to estimate the availability of UE’s to benefit from the introduction DL 256QAM.

More importantly, these 3 different selected deployment scenarios involving small cells serve to illustrate that a meaningful study on the benefits from the introduction of DL 256QAM can only be conducted if several assumptions from LTE and LTE-A evaluations for typical LTE macro and/or micro cells are re-considered.
In the first part of this contribution, we describe the small cell scenarios used in this evaluation. In the second part we show and discuss DL system level results to assess the potential availability of UE’s to benefit from 256QAM.

2
Small cell evaluation scenarios and assumptions
For the purpose of this evaluation, we have selected two different assumptions regarding use and configuration of small cell deployments. We distinguish small cell outdoor versus indoor deployments.

In Scenario 1 (outdoor), small cells are deployed as outdoors hotspots, i.e. they are deployed in parks or at street level in dense urban areas. In Scenario 2 (indoor), small cells are deployed for indoor or underground coverage, i.e. inside shopping malls or for public mass transit areas.
Accordingly, in Scenario 2 most (if not all) users connecting to the small cells are also located indoors. For Scenario 1 however, most users are located outdoors. In consequence, the impact of indoor penetration loss and the isolation towards other cells play a much smaller role than for Scenario 2. For Scenario 1 we further distinguish between N=1 small cell per macro cell (Scenario 1a – outdoor sparse) versus N=4 small cells per macro cell (Scenario 1b – outdoor dense). In fact, this approach to account for different deployment densities is somewhat similar to the 36.814 configuration 4b when evaluating HetNet deployments in R10 and R11. For Scenario 2 (indoor), small cells are deployed in clusters comprising at least N=2, 3 or 4 small cells in close vicinity. For the purpose of this evaluation, we have limited our results to 1 cluster per macro cell with each cluster being composed of N=2 small cells.
We summarize these small cell evaluation scenarios in Table 1. Both for Scenarios 1a and 1b, user dropping is modeled according to 36.814 configuration 4b (clustered UE distribution with p=2/3). Examples for user drops and small cell locations inside the macro coverage area are shown in Figure 1 and 2 as dots and circles respectively.
Table 1: Summary of small cell evaluation scenarios

	Small cell evaluation scenario
	Characteristics
	Example

	Scenario 1
(outdoor)
	Scenario 1a
(outdoor sparse)
	N=1 small cell per macro cell
Location randomly chosen
	Traffic hotspot

	
	Scenario 1b
(outdoor dense)
	N=4 small cells per macro cell
Location randomly chosen
	Public park

	Scenario 2
(indoor cluster)
	
	L=1 cluster per macro cell
N=2 small cells per cluster
Cluster location randomly chosen
	Shopping mall
Underground mass transport station
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Figure 1: Examples for user drops in small cell Scenario 1a (outdoor sparse) and Scenario 1b (outdoor-dense)
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Figure 2: Examples for user drops in small cell Scenario 2 (indoor cluster)

3
Small cell evaluation results and discussion

The use of DL 256QAM becomes meaningful when the available DL SINR exceeds some 19-20dB. In order to evaluate the percentage of small cell UE’s that can potentially benefit from the introduction of DL 256QAM, we evaluated the theoretically observable DL geometry (wideband SINR) for small cell users using the evaluation scenarios 1a, 1b and 2 from Section 2.
Given that DL geometry for co-channel deployments of macro cells and LPN’s has been extensively evaluated in the context of R10/R11 eICIC and COMP, we focus on the non co-channel deployment case in this contribution. Macro cells are assumed to operate on 2 GHz and small cells are deployed on 3.5 GHz.
Small cell locations inside the macro cell area and the user drop / distribution between macro and small cells are modeled according to configuration 4b in 36.814, i.e. clustered UE distribution with p=2/3.

UMa is modeled for transmissions from macro cells to UE’s. For the outdoor small cell Scenarios 1a and 1b, we use UMi for transmissions from small cells to UE’s, whereas for the indoor cluster Scenario 2 we use ITU InH. Due to the assumption that small cell users are all located outdoors for Scenarios 1a and 1b, no indoor propagation loss is modeled. For Scenario 2, the penetration loss (20 dB) is accounted for in the interference from other small cell clusters.

More details regarding the evaluation assumptions can be found in Table 2 in the Appendix.

DL geometry is shown as wideband SINR for the FDD 10 MHz carrier under consideration under the (pessimistic) assumption of full-buffer traffic modeling. Figures 3 and 4 show the CDF’s with observable DL geometry for small cell Scenarios 1a, 1b and 2 respectively.
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Figure 3: DL geometry for small cell Scenario 1a (outdoor sparse) and Scenario 1b (outdoor-dense)


[image: image6]
Figure 4: DL geometry for small cell Scenario 2 (indoor cluster)

It can be seen in Figure 3 that in theory 256 QAM could be supported for 75% of users in small cell Scenario 1a (outdoor with 1 small cell per macro cell). This huge percentage is of course primarily due to the removal of DL macro interference on the assumed 3.5 GHz carrier for the small cells and the more than 200m average spacing between any given pair of small cells in Scenario 1a. However, it must not be forgotten that all users were assumed outdoors which by itself greatly biases the observable DL geometry when connected to a small cell.
In this sense, it is more meaningful to compare the results for Scenario 1a to those of Scenario 1b (outdoor with 4 small cells per macro cell) where the average spacing between any given pair of small cells on the 3.5 GHz carrier decreases to about 60m. Only 20% of users can potentially support 256 QAM due to the much increased co-channel interference from other small cells under outdoor assumptions.

While it can be said that full buffer traffic modelling is pessimistic, non-full buffer traffic characteristics will not result in equal improvements to the observable small cell DL geometry for Scenarios 1a and 1b. Due to the high degree of spatial isolation between small cells in the low-density Scenario 1a, the DL geometry in Scenario 1a is mostly determined by assumptions made for the indoor/outdoor user distribution and the proper modelling of penetration losses.
Due to the indoor assumption made for small cell Scenario 2 (indoor cluster), the DL geometry of any given small cell is mostly determined by the other small cell part of the same cluster. In fact, the interference contributions from any other small cell cluster under coverage of another macro cell are so heavily penalized by penetration losses that they hardly contribute. It can be seen in Figure 4 that around 50% of users could in theory support 256QAM under full buffer traffic modelling assumptions. The DL geometry of the indoor small cell cluster is mostly determined by the number of small cells and the particular cluster deployment model that is assumed. It can be expected that the observable small cell DL geometry will more dramatically degrade for the 3.5 GHz carrier when more small cells are added to the cluster.
Observation: A significant proportion of users can potentially benefit from the introduction of DL 256QAM in typical small cell deployments.

If confirmed by further studies that a significant proportion of UE’s benefit from the introduction of DL 256 QAM then it may well be the case that the bottleneck for system capacity in the downlink becomes tied to overhead factors such as reference signals and/or the control channel. This justifies the study of techniques that would reduce such overhead.

Recommendation: Study enhancements allowing reduction of overhead due to reference signals and/or control channels.

4
Conclusions and Recommendations

In this contribution, we presented system-level results for observed DL SINR in 3 different selected small deployment scenarios to estimate the availability of UE’s to benefit from the introduction DL 256QAM.

Our results clearly show that introducing DL 256QAM is very promising in particular for the macro / small cell non co-channel deployments. For indoor clustered small deployments with only N=2 cells per cluster up to 50% of users can potentially benefit from introducing 256QAM. For outdoor isolated small cells with N=4 small cells per macro cell, still some 20% of users could benefit from 256QAM even under pessimistic full buffer traffic modelling assumptions.

Observation: A significant proportion of users can potentially benefit from the introduction of DL 256QAM in typical small cell deployments.

However, these results also indicate that a meaningful study on the benefits from the introduction of DL 256 QAM can only be conducted if proper assumptions are made on the indoor/outdoor distribution of users served by small cells, and if small cell evaluation scenarios are chosen that reflect likely deployment strategies.
For the purpose of evaluations on the introduction of DL 256QAM, we recommend to consider at least 2 different scenarios, a first scenario where small cells are deployed outdoors as traffic hotspots, and a second scenario where small cells are deployed indoors such as in shopping malls or in a public mass transport station.

Recommendation 1: Focus evaluations of DL 256QAM to two scenarios representative of the following types of deployment:

· Small cells deployed outdoors as traffic hotspots

· Small cells deployed indoors (e.g. shopping malls)

If confirmed by further studies that a significant proportion of UE’s benefit from the introduction of DL 256QAM then it may well be the case that the bottleneck for system capacity in the downlink becomes tied to overhead factors such as reference signals and/or the control channel. This justifies the study of techniques that would reduce such overhead.
Recommendation 2: Study enhancements allowing reduction of overhead due to reference signals and/or control channels.
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Appendix A – Evaluation assumptions

Table 2: Summary of small cell evaluation assumptions
	Parameter
	Value

	Duplex and system bandwidth
	FDD 10 MHz

	Deployment type and carrier frequency
	Non co-channel deployment

Macro cells: 2 GHz,

Small cells: 3.5 GHz

	BTS Tx power
	Macro cells: 46 dBm

Small cells: 30 dBm

	Cell layout and user drop model
	Macro cells: 7 macro sites with 3 macro cells per site

Small cells 

- Scenario 1a (outdoor sparse)with 1 small cell per macro cell

- Scenario 1b (outdoor dense): 4 small cells per macro cell

- Scenario 2 (indoor cluster): 1 cluster per macro cell with 2 small cells

Note: User drops for small cells modeled as in 36.814 Config. 4b (clustered UE distribution with p=2/3)

	Scheduling
	Full buffer traffic

Wideband SINR

	Macro cell ISD
	500 m

	Minimum distance between small cells
	40 m

	Minimum distance between macro and small cell
	75 m

	Minimum distance between macro-UE and macro cell
	35 m

	Minimum distance between small cell UE and small cell
	10 m for Scenarios 1a,1b

3 m for Scenario 2

	Antenna patterns 
	Macro cells: TR.36.814 3D with antenna down tilt 12 degrees

Small cells: TR 36.814 2D (Omni)

	Antenna gain
	Macro cells: 17 dBi

Small cells: 5 dBi

	Antenna height
	Macro cells: 25 m

Small cells:

- 10m for Scenarios 1a and 1b

- 6m for Scenario 2

	Pathloss model
	Macro cells:

- ITU UMa with 25 m Tx antenna height for Scenarios 1a, 1b

- ITU UMa with 25m Tx antenna height and penetration loss for Scenario 2 

Small cells:

- ITU UMi with 10 m Tx antenna height for Scenario 1a, 1b

- ITU InH with 10 m Tx antenna height for Scenario2

	Shadowing standard deviation
	Macro cells: ITU UMa

Small cells: ITU InH

	Shadowing correlation
	Macro cells: 0 between macro-cell sites; 1 between macro-cells

Small cells: 0 between small cells

	Handover margin
	1 dB

	UE height
	1.5 m

	UE noise figure
	9 dB

	UE speed
	3 km/h
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